This paper considers the problem of QR codes detection in digital images. In particular, the approach for detection of QR codes is proposed. 
Introduction
The existence of ubiquitous computer technology and context awareness of mobile phones contribute to a constant growth in popularity of barcodes. A barcode is an optical machine-readable representation of data relating to the object to which it is attached. Originally barcodes systematically represented data by varying the widths and spacing of parallel lines and may be referred to as linear or one-dimensional. Barcodes became commercially successful when they were used to automate supermarket checkout systems -a task for which they have become almost universal. The example of a bar code is presented in regarded as a standard [1] . An example of QR code is presented in Fig. 2 . (square dots) arranged in a square grid on a white background. These can be read by an imaging device (such as a camera) and processed using Reed-Solomon error correction until the image can be appropriately interpreted.
The required data are then extracted from patterns present in both horizontal and vertical components of the image.
Although QR codes were originally designed for tracking parts in vehicle manufacturing, now they are more and more often used in a great variety of applications including commercial tracking applications and convenienceoriented applications for mobile phones. E-wallet is one of the applications based on QR-codes. Mobile phone could be used as an e-wallet for e-money. Advanced technology allows integration of information using the latest authentication technology.
Moreover, scanning a QR code of the item on the vending machine could allow for purchasing items. Next, paying bills with a phone could be possible as there is a QR QR codes application for reversible watermarking algorithm in biomedical images is presented in [6] . Another paper presents an application of QR codes for generating augmented reality environments [4] . Using the notion of contexts, a complete user interaction is enabled in terms of the relationship of QR codes and augmented reality. In another paper, widely used 2D barcode, the QR code is employed, to implement a QR code based augmented reality system [9] .
Another paper introduces a prototype for QR code based Augmented Reality interactions, which allows for Rubik's cube style rolling [7] . Next paper proposes a system that uses QR codes as tag for tagging the plants that Many applications are used for aiding visually impaired people with QR code processing on mobile devices. The use of QR codes in helping blind people to identify the objects is described in [2] . The enhancement could be applied in robotics as well. Employment of Viola-Jones rapid object detection framework for finding QR codes in arbitrary images is presented in [3] .
Although so many applications of QR codes exist, the existing algorithms for coded detection and decoding have a lot of disadvantages. In particular, the known QR-code decoders require the code to be properly placed on the image frame. The symbol should cover more than 30% of the entire image for successful decomposition. QR-code decoders are prone to noise, rotation, blur, illumination or perspective distortions. Decoders could fail because of those real-life conditions. Therefore, the goal of this paper is to develop an algorithm for QR code detection in arbitrary images in a real-time. In particular, in this paper, we propose the method for QR code detection, which consist of histogram analysis and morphological operations in order to improve the practicability and reliability of the detection process.
QR code recognition
The proposed approach for QR code recognition consists of several steps which are presented in Fig. 3 The image captured by a mobile phone is colour. On the other hand, a QR code symbol is usually a group of dark and light pixels and colour information does not 
Moreover, intensity normalization is performed on a grey scale image I. In particular linear normalization is performed according to Equation (2).
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where I M in and I M ax denote the minimal and the maximal intensity in the image before normalization, while I newM in = 0 and I newM ax = 255 are the minimal and the maximal intensity in the output image.
Next, the image is divided into a number of regular blocks (see Fig. 4 ). These blocks are analysed one-by-one during further processing. The experiments have shown that in the case of images of a mega-pixel resolution the division of image into regular blocks that contains about 30 × 30 pixels provide the best performance. This however depends on image resolution. In the example shown in Fig. 4 , an image of a resolution 666 × 512 pixels was divided into 27 × 27 (729) blocks.
Fig. 4: Image divided into sub-boxes
In the next step, the reference histogram corresponding with QR code is created in order to provide additional data used for QR code detection in digital image. In particular, the image containing only a QR code is read and histogram based on this image is created for further analysis.
The regarded histogram of a QR code image is presented in Fig. 5 . It was plotted by ImageJ application.
In the next step, the blocks similar to image of a sample (3) and (4).
where:
The higher the correlation value d, the higher similarity between histograms. A perfect match is obtained when d = 1 and a maximal mismatch is when d = −1; a value of 0 indicates no correlation (random association).
The block is supposed to contain QR code, when the corresponding correlation value d is higher than 0.5. The value has been determined empirically. The resulting image with blocks that are supposed to contain QR code highlighted in blue is shown in Fig. 9 .
As it can be seen from Fig. 9 , some blocks were not to find the most probable places for QR codes that contain both very bright and very dark pixels. In particular, each box is checked whether both bright and dark pixels take more than 15% of all pixels included into a block.
These calculations are performed in order to remove from the blocks found in the previous step these blocks which contain only dark or only bright pixels. Result of this operation is presented in Fig. 10 .
In order to provide the accurate QR code position it is necessary to combine the results of both described above approaches. The combination is performed using the logical conjunction. In particular, boxes indicated by both procedures are selected. The result of concatenation of them is presented in Fig. 11 .
It is noticeable in Fig. 11 11 ) and a value of 0 stands for the lack of QR code (and corresponds with blocks not highlighted in Fig. 11 ).
The operations on masks are presented in Fig. 12 .
First, erosion is applied in order to remove singular, outlying blocks. Next dilation is performed to retrieve the original size of the QR code.
The result of QR code detection after morphological operations is presented in Fig. 13 . Since the image was divided into sub-images, the efficiency of algorithm is determined by sub-block detection.
The blocks marked in the last step were manually com- 
